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Description
Technical Field

[0001] The presentinvention relates to a user terminal
and a radio communication method in next-generation
mobile communication systems.

Background Art

[0002] In the UMTS (Universal Mobile Telecommuni-
cations System) network, the specifications of long term
evolution (LTE) have been drafted for the purpose of fur-
ther increasing high speed data rates, providing lower
latency and so on (see non-patent literature 1). Also, the
specifications of LTE-A (also referred to as "LTE-ad-
vanced," "LTE Rel. 10," "LTE Rel. 11," or "LTE Rel. 12")
have been drafted for further broadbandization and in-
creased speed beyond LTE (also referred to as "LTE Rel.
8" or "LTE Rel. 9"), and successor systems of LTE (also
referred to as, forexample, "FRA (Future Radio Access),"
"5G (5th generation mobile communication system),"
"5G+ (plus)," "NR (New Radio)," "NX (New radio ac-
cess)," "FX (Future generation radio access)," "LTE Rel.
13," "LTE Rel. 14," "LTE Rel. 15" or later versions) are
under study.

[0003] Inexisting LTE systems (for example, LTE Rel.
81t013), downlink (DL) and/or uplink (UL) communication
are performed using 1-ms subframes (also referred to as
"transmission time intervals (TTIs)" and so on). These
subframes are the time unit for transmitting one channel-
encoded data packet, and serve as the unit of processing
in, for example, scheduling, link adaptation, retransmis-
sion control (HARQ: Hybrid Automatic Repeat reQuest)
and so on.

[0004] Also,inexisting LTE systems (for example, LTE
Rel. 810 13), auserterminal (UE: User Equipment) trans-
mits uplink control information (UCI) by using uplink con-
trol channels (for example, PUCCH: Physical Uplink Con-
trol CHannel) and/or uplink data channels (for example,
PUSCH: Physical Uplink Shared CHannel). The format
of these uplink controls channel is referred to as "PUCCH
format" and so on.

[0005] UCI includes at least one of a scheduling re-
quest (SR), retransmission control information in re-
sponse to DL data (DL data channel (PDSCH: Physical
Downlink Shared CHannel)) (also referred to as "HARQ-
ACK (Hybrid Automatic Repeat reQuest-Acknowledge-
ment)," "ACK," "NACK (Negative ACK)" and so on) and
channel state information (CSI).

Citation List
Non-Patent Literature
[0006] Non-Patent Literature 1. 3GPP TS36.300

V8.12.0 "Evolved Universal Terrestrial Radio Access (E-
UTRA) and Evolved Universal Terrestrial Radio Access
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Network (E-UTRAN); Overall description; Stage 2 (Re-
lease 8)," April, 2010

Summary of Invention
Technical Problem

[0007] Future radio communication systems (for ex-
ample, 5G, NR, etc.) are expected to realize various radio
communication services so as to fulfill varying require-
ments (for example, ultra high speed, large capacity, ul-
tra-low latency, etc.).

[0008] Forexample, NRis under study to provide radio
communication servicesreferred to as "eMBB (enhanced
Mobile Broad Band)," "mMTC (massive Machine Type
Communication)," "URLLC (Ultra Reliable and Low La-
tency Communications)," and so on.

[0009] Meanwhile, in NR, a study is in progress to use
a plurality of PUCCHs comprised of different numbers of
symbols. However, how to use these PUCCHSs properly
has not been studied yet. Failure to transmit UCI using
an appropriate PUCCH may lead to a deterioration of
communication throughput, spectral efficiency, and so
on.

[0010] The present invention has been made in view
of the above, and it is therefore one of the objects of the
present invention to provide a user terminal and radio
communication method that can report UCI appropriately
even when a plurality of PUCCHs comprised of different
numbers of symbols are used.

Solution to Problem

[0011] According to one aspect of the present inven-
tion, a user terminal has a control section that determines
to use one or both of a short uplink control channel, which
is transmitted in a short period, and a long uplink control
channel, which is transmitted in a longer period than the
short uplink control channel, based on certain informa-
tion, and a transmission section that transmits the uplink
control information using the determined uplink control
channel.

Advantageous Effects of Invention

[0012] According to the present invention, even when
a plurality of PUCCHs comprised of different numbers of
symbols are used, UCI can be reported appropriately.

Brief Description of Drawings
[0013]

FIG. 1 is a diagram to show an example of NR slot
resource mapping;

FIGs. 2A to 2C are diagrams to show examples of
PUCCH types;

FIGs.3A and 3B are diagrams to show examples of
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UCls that are transmitted in PUCCH type 3;

FIGs. 4A and 4B are diagrams to show examples of
RS configurations in PUCCH type 3;

FIGs. 5A and 5B are diagrams to show other exam-
ples of RS configurations in PUCCH type 3;

FIGs. 6A and 6B are diagrams to show still other
example of RS configurations in PUCCH type 3;
FIG. 7 is a diagram to show examples of short
PUCCHSs of PUCCH type 3 with or without an RS;
FIGs. 8A and 8B are diagrams to show examples of
the relationship between bandwidth and the pres-
ence or absence of an RS in short PUCCHs of
PUCCH type 3;

FIGs.9A and 9B are diagrams to show examples of
UClIs when using sequence-based PUCCH for short
PUCCH of PUCCH type 3;

FIGs. 10A and 10B are diagrams to show examples
of phase rotation amount sets (in this example, UCI
is assumed to be two-bit information);

FIG. 11 is a diagram to show an example of a se-
quence-based PUCCH;

FIGs. 12A and 12B are diagrams to show examples
of processes for generating sequence-based
PUCCHSs;

FIG. 13 is a diagram to show an example of a sche-
matic structure of a radio communication system ac-
cording to one embodiment of the present invention;
FIG. 14 is a diagram to show an example of an overall
structure of a radio base station according to one
embodiment of the present invention;

FIG. 15 is a diagram to show an example of a func-
tional structure of a radio base station according to
one embodiment of the present invention;

FIG. 16 is a diagram to show an example of an overall
structure of a user terminal according to one embod-
iment of the present invention;

FIG. 17 is a diagram to show an example of a func-
tional structure of a user terminal according to one
embodiment of the present invention; and

FIG. 18 is a diagram to show an example hardware
structure of a radio base station and a user terminal
according to one embodiment of the present inven-
tion.

Description of Embodiments

[0014] Future radio communication systems (for ex-
ample, LTE Rel. 14, 15 and/or later versions, 5G, NR,
etc.) are under study to introduce multiple numerologies,
not a single numerology.

[0015] Here, a numerology may refer to a set of com-
munication parameters that characterize the design of
signals in a given RAT (Radio Access Technology), the
design of a RAT and so on, and may be parameters that
relate to the frequency direction and/or the time direction,
such as subcarrier spacing (SCS), symbol duration, cy-
clic prefix duration, subframe duration, transmission time
interval (TTI) duration, and so on. For example, future

10

15

20

25

30

35

40

45

50

55

radio communication systems may support multiple SCS
spacings such as 15 kHz, 30 kHz, 60 kHz, 120 kHz and
240 kHz.

[0016] Also, future radio communication systems are
being studied to introduce time units (also referred to as
"subframes," "slots," "minislots," "subslots," "TTls,"
"short TTIs," "radio frames" and so on) that are the same
as and/or different from those of existing LTE systems
(LTE Rel. 13 or earlier versions), while supporting multi-
ple numerologies and/or the like.

[0017] Note thata TTI may represent the time unit for
use when transmitting/receiving transport blocks for
transmitting/receiving data, code blocks and/or code-
words. Assuming that a TTI is provided, the period of
time (for example, the number of symbols) where the
transport blocks, the code blocks and/or the codewords
of data are actually mapped may be shorter than the TTI.
[0018] Forexample,whenaTTlisformed with a certain
number of symbols (for example, fourteen symbols), the
transport blocks, the code blocks and/or the codewords
of transmitting/receiving data can be transmitted and re-
ceived in one or a certain number of symbol periods
among these. If the number of symbols in which transport
blocks, code blocks and/or codewords of transmitting/re-
ceiving data are transmitted/received is smaller than the
number of symbols constituting the TTI, reference sig-
nals, control signals and so on can be mapped to symbols
in the TTI where no data is mapped.

[0019] Subframes may serve as a time unit having a
certain time duration (for example, 1 ms), irrespective of
which numerology is used by (and/or configured in) the
user terminal (for example, UE (User Equipment)).
[0020] On the other hand, slots may serve as a time
unit that is based on the numerology used by the UE. For
example, if the subcarrier spacing is 15 kHz or 30 kHz,
the number of symbols per slot may be seven or fourteen.
When the subcarrier spacing is 60 kHz or greater, the
number of symbols per slot may be fourteen. In addition,
a slot may include a plurality of minislots (subslots).
[0021] Generally, subcarrier spacing and symbol du-
ration hold a reciprocal relationship. Therefore, as long
as the number of symbols per slot (or minislot (subslot))
stays the same, the higher (wider) the subcarrier spacing,
the shorter the slot length, and the lower (narrower) the
subcarrier spacing, the longer the slot length. Note that
"subcarrier spacing is high" may be paraphrased as "sub-
carrier spacing is wide," and "subcarrier spacing is low"
may be paraphrased as "subcarrier spacing is narrow."
[0022] For such future radio communication systems,
a study is in progress to support a UL control channel
(hereinafter also referred to as a "short PUCCH") that is
structured to be shorter in duration than the PUCCH
(Physical Uplink Control CHannel) formats of existing
LTE systems (for example, LTE Rel. 8 to 13) and/or a
UL control channel (hereinafter also referred to as a "long
PUCCH") thatis structured to have alonger duration than
the above short duration.

[0023] A short PUCCH (also referred to as a "short-
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ened PUCCH?") is formed with a certain number of sym-
bols (for example, one symbol or two symbols) of a given
SCS. In this short PUCCH, uplink control information
(UCI) and a reference signal (RS) may be time-division-
multiplexed (TDM: Time Division Multiplexing) or fre-
quency-division-multiplexed (FDM: Frequency Division
Multiplexing). The RS may be, for example, the demod-
ulation reference signal (DMRS: DeModulation Refer-
ence Signal), which is used to demodulate UCI.

[0024] The SCS in each symbol of the short PUCCH
may be the same as or higher than the SCS in symbols
for data channels (hereinafter also referred to as "data
symbols"). The data channels may be, for example, a
downlink data channel (PDSCH: Physical Downlink
Shared CHannel), an uplink data channel (PUSCH:
Physical Uplink Shared CHannel) and so on.

[0025] A short PUCCH may be referred to as a
"PUCCH with a higher (bigger, wider, etc.) SCS" (for ex-
ample, 60 kHz). Note that the time unitin which one short
PUCCH is transmitted may be referred toasa "short TTI."
[0026] In a short PUCCH, a multicarrier waveform (for
example, a waveform based on cyclic prefix OFDM (CP-
OFDM: Cyclic Prefix Orthogonal Frequency Division Mul-
tiplexing)) may be used, or a single-carrier waveform (for
example, a waveform based on DFT-S-OFDM (Discrete
Fourier Transform Spread Orthogonal Frequency Divi-
sion Multiplexing) may be used.

[0027] Note that the waveform may be referred to as
"communication scheme," "multiplexing scheme," "mod-
ulation scheme," "access scheme," "waveform scheme,"
and so on. Also, these waveforms may be characterized
based on whether or not DFT precoding (spreading) is
applied to the OFDM waveform. For example, CP-OFDM
may be referred to as the "waveform (signal) to which
DFT precoding is not applied," and DFT-S-OFDM may
be referred to as the "waveform (signal) to which DFT
precoding is applied." Furthermore, a "waveform" may
also be referred to as "waveform signal," "signal in ac-
cordance with waveform," "waveform of signal," "signal,"
and so on.

[0028] Meanwhile, a long PUCCH is arranged over
multiple symbols in a slot so as to improve the coverage
over a short PUCCH and/or to communicate more UCI.
In this long PUCCH, UCI and an RS (for example, the
DMRS) may be time-division-multiplexed (TDM) or fre-
quency-division-multiplexed (FDM). A long PUCCH may
be referred to as a "PUCCH with a lower (smaller, nar-
rower, etc.) SCS" (for example, 15 kHz). Note that the
time unit in which one long PUCCH is transmitted may
be referred to as a "long TTL."

[0029] Also, a long PUCCH may be comprised of a
number of frequency resources to match a short PUCCH,
or may be formed with a smaller number of frequency
resources (for example, one or two physical resource
blocks (PRBs)) than a short PUCCH, in order to achieve
a power boosting effect. Also, a long PUCCH may be
placed with a short PUCCH in the same slot.

[0030] For along PUCCH, a single-carrier waveform
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(for example, DFT-s-OFDM waveform) may be used, or
amulti-carrier waveform (for example, OFDM waveform)
may be used. In addition, frequency hopping may be ap-
plied to a long PUCCH, per certain period within a slot
(for example, per mini (sub) slot).

[0031] Note that along PUCCH may be a PUCCH that
is different from the PUCCHs stipulated in existing LTE
systems (for example, LTE Rel. 8 to 13) (that is, a long
PUCCH may be a PUCCH of a different format).

[0032] Hereinafter, a "PUCCH," when simply men-
tioned so, may be read as "a short PUCCH and/or a long
PUCCH."

[0033] The PUCCH may be time-division-multiplexed
(TDM) and/or frequency-division-multiplexed (FDM) with
a UL data channel (hereinafter also referred to as
"PUSCH") in the slot. Also, the PUCCH may be time-
division-multiplexed (TDM) and/or frequency-division-
multiplexed (FDM) with a DL data channel (hereinafter
alsoreferred to as "PDSCH") and/or a DL control channel
(hereinafter also referred to as "PDCCH (Physical Down-
link Control CHannel)") within the slot.

[0034] FIG. 1 is a diagram to show an example of re-
source mapping of in an NR slot. In NR, a study is un-
derway to define a period (field) in which data is trans-
mitted as a "UL period (UL field)," and define a period
(field) in which UL transmission can be performed with a
small number of symbols as a "short UL period (UL field)."
Note that a UL period (UL field) may be referred to as a
"long UL period (UL field)."

[0035] FIG. 1 shows an example, in which a PDCCH
field is placed at the top of an NR slot, followed by a non-
transmission period (also referred to as a "guard period
(GP)"), and then there are a UL field/short UL field, but
the configuration of NR slots (NR subframes) is not lim-
ited to this. For example, the order of each field is not
limited to this.

[0036] FIG. 1 show an example in which a PUSCH for
a specific UE (UE 1) is scheduled in the UL field, and in
which, furthermore, this UE transmits a PUCCH using
frequency resources adjacent to the PUSCH. The UE
may transmit a long PUCCH in the long UL period, and
transmit a short PUCCH in the short UL period.

[0037] However, how and when to use along PUCCH
and a short PUCCH properly has not been studied yet.
Failure to transmit UCI using an appropriate PUCCH may
lead to a deterioration of communication throughput,
spectral efficiency, and so on.

[0038] So, the presentinventors have studied a meth-
od of reporting UCI properly even when multiple
PUCCHSs, having mutually different numbers of symbols,
are used, and arrived at the present invention.

[0039] Now, embodiments of the presentinvention will
be described below in detail with reference to the accom-
panying drawings. Note that the radio communication
methods according to each embodiment may be applied
individually or may be applied in combination.
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(Radio Communication Method)

[0040] According to one embodiment of the present
invention, a UE determines the PUCCH type to use to
transmit UCI from one or a plurality of PUCCH types
based on certain information. A PUCCH type corre-
sponds to a combination of one or a plurality of PUCCHs
(for example, a long PUCCH and/or short a PUCCH) to
use to transmit UCI.

[0041] FIGs. 2A to 2C are diagrams to show examples
of PUCCH types. In the case of PUCCH type 1, UCl is
transmitted using a short PUCCH, and is not transmitted
in a long PUCCH (FIG. 2A). In the case of PUCCH type
2, UCl is transmitted using a long PUCCH, and is not
transmitted in a short PUCCH (FIG. 2B). In the case of
PUCCH type 3, UCI is transmitted using both a short
PUCCH and a long PUCCH (FIG. 2C).

[0042] Note that, the associations between the index
numbers of PUCCH types and PUCCHs are not limited
to the examples shown in FIGs. 2A to 2C. In addition,
the designation "PUCCH type" is simply an example,
which is by no means limiting, and the designation
"PUCCH format" and others may be used as well.
[0043] Also,inthisexample,ashort PUCCH is mapped
to five PRBs in the last symbol of the time field illustrated
(which is, for example, a subframe), but the resources
corresponding to the short PUCCH are not limited to this
example. In addition, although a long PUCCH illustrated
to be mapped over ten symbols, where frequency hop-
ping is applied every five symbols, but the resources cor-
responding to the long PUCCH are not limited to this
example.

[0044] Also, although FIG. 2C assumes that the time
resources of the short PUCCH and the long PUCCH do
not overlap, the time resources of the short PUCCH and
the long PUCCH may overlap.

[0045] A UE may assume that information about the
PUCCH type is reported (and configured) by higher layer
signaling (for example, RRC signaling, broadcast infor-
mation), physical layer signaling (for example, DCI), or
a combination of these. In this case, the UE may deter-
mine the PUCCH type to use for UCI transmission based
on information about the PUCCH type reported from the
base station.

[0046] The UE may determine the PUCCH type to use
for UCI transmission based on the size of the UCI (for
example, the payload size, the number of UCI bits, etc.)
and/or the type of the UCI to transmit. Here, the UCI type
may include information indicating the content of the UCI
(indicating what UCI is transmitted).

[0047] For example, the UCI type may be information
to indicate that the UCI includes at least one of retrans-
mission control information in response to the DL data
(also referred to as "HARQ-ACK," "ACK/NACK," "A/N,"
etc.), a scheduling request (SR), channel state informa-
tion (CSl), beam identification information, a buffer status
report (BSR), a power headroom report (PHR), and other
pieces of control information.
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[0048] Note that the beam identification information
may be specified based on a beam index (Bl), a precod-
ing matrix indicator (PMI), a TPMI (Transmitted PMI), a
certain reference signal's port index (for example, a
DMRS port index (DPI), an SRS port index (SPI), and a
certain reference signal’s resource indicator (for exam-
ple, a CSI-RSresourceindicator (CRI),a DMRS resource
index, an SRS resource index, etc.).

[0049] Also, the UCI type may include information re-
lated to the performance and/or the quality required of
the UCI. For example, the UCI type may indicate latency
(low latency, etc.), reliability (high reliability, etc.),
throughput (high throughput, etc.), or a combination of
these.

[0050] The UE may select PUCCH type 1 if the UCl is
relatively small in size and/or low latency is required. For
example, the UE may use PUCCH type 1 when the
number of UCI bits is equal to or lower than a certain
threshold (for example, four), when transmitting an
HARQ-ACK, and so on.

[0051] The UE may use PUCCH type 1 when support-
ing/performing self-contained operation. Here, self-con-
tained operation may refer to, for example, an operation
to receive a certain DL signal (for example, a data signal)
in a certain period (for example, a subframe, a slot, and/or
the like) and finish transmitting (feeding back) a UL signal
(for example, an HARQ-ACK) based on the DL signal.
That is, a UE that supports self-contained operation is
likely to have high processing capabilities.

[0052] If the size of UCI is relatively large and/or low
latency is not required, the UE may select PUCCH type
1. For example, the UE may use PUCCH type 2 when
the number of UCI bits is greater than a certain threshold
(for example, four), when transmitting CSI, and so on.
[0053] When the size of the UCI is large and/or high
reliability is required, the UE may select PUCCH type 3.
For example, the UE may use PUCCH type 3 when the
number of UCI bits is greater than a certain threshold (for
example, 30), when transmitting both CSland an HARQ-
ACK, and so on.

[0054] Also, the UE may determine the PUCCH type
to use for UCI transmission based on the number of times
HARQ retransmission is made (or the number of times
transmission is made). For example, the UE may use
PUCCH type 1 when the number oftimes the UCl is trans-
mitted is equal to or lower than a first threshold (for ex-
ample, two), use PUCCH type 2 when the number of
times transmission is made is equal to or lower than a
second threshold (for example, three), use PUCCH type
3whenthe number oftimes transmission is made is equal
to orlower than a third threshold (for example, four). Com-
pared to PUCCH type 1, type 2 and type 3 can use more
PUCCH resources and reduce the coding rate and/or the
spreading factor of UCI, so that the PUCCH error rate
can be reduced.

[0055] The above certain threshold, the first to third
thresholds and so on may be stipulated in the specifica-
tion, or may be reported (and configured) to the UE by
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higher layer signaling (for example, RRC signaling,
broadcast information, etc.), physical layer signaling (for
example, DCI), or a combination of these.

[0056] The UE may determine the PUCCH type to use
for UCI transmission based on its own UE category. For
example, the UE may judge its performance from its UE
category, and select the PUCCH type based on its per-
formance as judged.

[0057] If the UE judges itself a high-performance UE
(for example, a UE that is compatible with URLLC, a UE
that is compatible with high-performance eMBB, etc.),
the UE may use PUCCH type 1.

[0058] If the UE judges itself a moderate-performance
UE (for example, a UE that is compatible with moderate-
performance eMBB, a UE that is compatible with
LTE/LTE-A MBB), the UE may use the PUCCH type 2.
[0059] If the UE judges itself a low-performance UE
(for example, a UE that is compatible with mMTC, a UE
that is compatible with NB-IoT, a UE that is compatible
with low-cost MTC), the UE may use PUCCH type 3.
[0060] Information about the UE category and/or infor-
mation about the carrier’s service type (for example, eM-
BB, URLLC, etc.) may be reported to the UE through
higher layer signaling, physical layer signaling or a com-
bination of these. The UE may determine the PUCCH
type to use for UCI transmission based on the information
about the UE category and/or the service type of the car-
rier that are reported.

[0061] The base station may assume all the PUCCH
types and monitor all the PUCCH resources that pertain,
or the base station may identify the PUCCH type which
the UE is likely to use for UCI transmission and monitor
only the specified PUCCH resource. For example, when
the UE determines the PUCCH type based on the number
of HARQ retransmissions, the base station may specify,
based on the number of times an HARQ-ACK s received,
the PUCCH type to be used in the next HARQ retrans-
mission.

[UCI transmitted in PUCCH Type 3]

[0062] When the UE uses PUCCH type 3, the UE may
transmit one UCI (UCI payload) or transmit a plurality of
UCls (UCI payloads) in all PUCCH resources of a long
PUCCH and a short PUCCH both. Here, multiple UCls
may correspond to the same information, or correspond
to different pieces of information. For example, the UCI
transmitted in the long PUCCH may be different from the
UCI transmitted in the short PUCCH.

[0063] One UCI may be spread, repeated and/or en-
coded over both the long PUCCH and the short PUCCH.
The ratio of the UCI payload in the long PUCCH and the
UCI payload in the short PUCCH (which may be referred
to as the "payload ratio") may correspond to the ratio of
the PUCCH resources of the long PUCCH and the
PUCCH resources of the short PUCCH (which may be
referred to as the "resource ratio").

[0064] Note that the above payload ratio may be de-
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termined based on the resource ratio, or determined by
applying a certain offset to the resource ratio. For exam-
ple, the payload ratio may be adjusted so that the UCI
transmitted in the long PUCCH (or the short PUCCH)
increases.

[0065] Upon receiving a plurality of PUCCHs (for ex-
ample, a long PUCCH and a short PUCCH), the base
station may combine these PUCCHs. This can improve
at least one of performance, reliability, and the number
of UCI bits.

[0066] FIGs. 3A and 3B are diagrams to show exam-
ples of UCI transmitted in PUCCH type 3. This example
shows the same PUCCH resources as in FIG. 2C. FIG.
3A shows an example in which one UCI (UCI #1)is trans-
mitted using both a long PUCCH and a short PUCCH.
FIG. 3B shows an example in which one UCI (UCI #1) is
transmitted using a long PUCCH and another UCI (UCI
#2) is transmitted using a short PUCCH.

[0067] Note that, according to the configuration of FIG.
3B, the base station that has received the long PUCCH
can perform the receiving process (demodulation, de-
coding, etc.) of UCI #1 without waiting for receiving the
short PUCCH, so that the processing delay can be re-
duced.

[0068] Information as to whether one UCI is transmit-
ted or multiple UCls are transmitted using along PUCCH
and a short PUCCH when PUCCH type 3 is used may
be reported to the UE by higher layer signaling, physical
layer signaling or a combination of these. This informa-
tion may be the number of UClIs that can be included in
the long PUCCH and/or the short PUCCH. The UE may
determine the UCI to transmit in each PUCCH based on
the reported information.

[0069] Whenthe UE uses PUCCH type 3 based on the
size of the UCI (for example, the payload size, the number
of UCI bits, etc.) to transmit and/or the UCI type, the UE
may decide whether to transmit one UCI or multiple UCls
in the long PUCCH and the short PUCCH.

[0070] When the size of UCI is relatively small and/or
high reliability is required, the UE may decide to transmit
one UCI in the long PUCCH and the short PUCCH. For
example, when the number of UCI bits is equal to or lower
than a certain threshold (for example, four), the UE may
decide to transmit one UCI in the long PUCCH and the
short PUCCH, when, for example, transmitting an HARQ-
ACK.

[0071] If the size of UCl is relatively large and/or high
reliability is not required, the UE may decide to transmit
a plurality of UCls in the long PUCCH and the short
PUCCH. For example, when the number of UCI bits is
greater than a certain threshold (for example, four), the
UE may decide to transmit a plurality of UCls in the long
PUCCH and the short PUCCH, when, for example, trans-
mitting CSI and so on.

[RS Configuration of PUCCH Type]

[0072] The RS configuration in each PUCCH type (for
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example, to which radio resource an RS is mapped) may
be associated with the PUCCH type in advance, or may
be configured inthe UE from the base station. Information
about the RS configuration in a certain PUCCH type
(which may be referred to as "RS configuration informa-
tion") may be reported to the UE by higher layer signaling,
physical layer signaling or a combination of these.
[0073] The RS configuration information may include
information indicating the length of the PUCCH. Also, the
RS configuration information may include information to
indicate the method of multiplexing UCI and RSs (for ex-
ample, TDM, FDM, etc.). Note that the RS configuration
information pertaining to PUCCH type 3 may include RS
configuration information related to a short PUCCH and
RS configuration information related to a long PUCCH.
[0074] Also, RS configuration information of all
PUCCH types needs not be reported explicitly. In this
case, RS configuration information pertaining to a certain
PUCCH type may be judged based on RS configuration
information pertaining to another PUCCH type.

[0075] For example, assume a case where RS config-
uration information for PUCCH types 1 and 2 is reported
to the UE and where RS configuration information for
PUCCH type 3 is not reported. In this case, the UE may
map RSs in the short PUCCH in PUCCH type 3 based
on the RS configuration information for PUCCH type 1,
and map RSsin thelong PUCCH in PUCCH type 3 based
on the RS configuration information for PUCCH type 2.
[0076] As another example, assume a case where RS
configuration information for PUCCH type 3 is reported
to the UE, and where RS configuration information for
PUCCH type 1 and type 2 is not reported to the UE. In
this case, the UE may map RSs in PUCCH type 1 based
on the RS configuration information for the short PUCCH
in PUCCH type 3, and map RSs in PUCCH type 2 based
on the RS configuration information for the long PUCCH
in PUCCH type 3.

[0077] Hereinafter, an example of RS configurations
in PUCCH type 3 will be described with reference to FIGs.
4 to FIGs. 8. RS configurations for PUCCH types 1 and
2 may be replaced with the RS configurations of short
PUCCH and long PUCCH fields in each example.
[0078] FIGs. 4A and 4B are diagrams to show exam-
ples of RS configurations in PUCCH type 3. In this ex-
ample, an RS and UCI are time-division-multiplexed
(TDM) in the long PUCCH, and an RS and UCI are fre-
quency-division-multiplexed (FDM) in the short PUCCH.
The frequency resources for the short PUCCH (for ex-
ample, the transmission bandwidth, PRBs, resource el-
ements, subbands, etc.) may be the same as the fre-
quency resources for the long PUCCH (FIG. 4A), may
be larger than the frequency resource of long PUCCH
(FIG. 4B), or may be smaller than the frequency resourc-
es of long PUCCH (which will be described later with
reference to FIGs. 8).

[0079] In FIG. 4B, the frequency resources (the
number of PRBs) of the short PUCCH are three PRBs,
and, although a configuration is shown here in which the
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RS assumes the same relative positions in each PRB,
the RS may as well assume different relative positions
per PRB.

[0080] FIGs. 5A and 5B are diagrams to show other
examples of RS configurations for PUCCH type 3. In this
example, RS and UCI are time-division-multiplexed
(TDM) in the long PUCCH, and RS and UCI are time-
division-multiplexed (TDM) also in the short PUCCH.
When the time resources for the short PUCCH are two
ormore symbols, RS and UCI may be mapped to different
symbols in the short PUCCH (FIG. 5A).

[0081] If the time resources for the short PUCCH is
one symbol or less, the RS and UCI in the short PUCCH
may be mapped using multiple symbols provided at a
higher SCS (which may be referred to as, for example,
a "short symbols"), within one symbol in the slot (for ex-
ample, may be referred to as a "long symbol") (FIG. 5B).
In FIG. 5B, the short PUCCH and the long PUCCH are
each comprised of one PRB (the number of same sub-
carriers), but the transmission bandwidth occupied by
the short PUCCH is larger than that of the long PUCCH.
[0082] FIGs.6A and 6B are diagrams to show yet other
examples of RS configurations for PUCCH type 3. In this
example, as in the example of FIG. 4A, RS and UCl are
time-division-multiplexed (TDM) in the long PUCCH, and
RS and UCl are frequency-division-multiplexed (FDM) in
the short PUCCH. Meanwhile, in this example, the long
PUCCH is mapped by using frequency hopping.

[0083] The frequency resources for the short PUCCH
may be the same as frequency resources that hop in the
long PUCCH (FIG. 6A), or may be resources that are
different from (thatdo not overlap) the frequency resourc-
es that hop in the long PUCCH (FIG. 6B). According to
the configuration shown in FIG. 6B, the frequency diver-
sity gain can be improved higher for transmission of UCI,
and improved UCI error rates can be expected.

[0084] FIG. 7 is a diagram to show examples of short
PUCCHSs with or without an RS in PUCCH type 3. In this
example, the long PUCCH and the short PUCCH are
mapped to the same frequency resources as in FIG. 6A.
Meanwhile, in the short PUCCH, UCI is mapped, but no
RS is mapped (RS is punctured). The UE may demodu-
late the UCI in the short PUCCH based on the RS in the
long PUCCH. By puncturing the RS, the size of UCI that
can be transmitted can be increased and/or the coding
rate of UCI can be reduced, so that the UCI error rate
can be improved.

[0085] The UE may decide whether or not to map (or
puncture) the RS in the short PUCCH based on specific
conditions. For example, information to indicate that an
RS is mapped (or punctured) in the short PUCCH is re-
ported via higher layer signaling, physical layer signaling,
or a combination of these, the UE may map (or puncture)
an RS in the short PUCCH.

[0086] Also, based on the frequency resource of the
short PUCCH and/or the frequency resource of the long
PUCCH, the UE may determine whether to punctuate
the RSinthe short PUCCH. Forexample, if the bandwidth
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of the short PUCCH is the same as or narrower than the
bandwidth of the long PUCCH, the UE may decide to
puncture the RS in the short PUCCH.

[0087] If the bandwidth of the short PUCCH is wider
than the bandwidth of the long PUCCH, the UE may de-
cide to puncture the RS in the short PUCCH. When the
channel frequency selectivity is low, (for example, when
a PUCCH is transmitted in a high frequency band, there
are limited scatterers around the UE), even if the RS of
the short PUCCH having a wider bandwidth than the
bandwidth of long PUCCH is punctured, it is assumed
that degradation of channel estimation accuracy is small.
[0088] Information as to whether or not the RS in the
short PUCCH is punctured (or may be punctured), when
the bandwidth of the short PUCCH is the same as (and/or
narrower than and/or wider than) the bandwidth of the
long PUCCH may be reported to (configured in) the UE
from the network by higher layer signaling, physical layer
signaling, or a combination of these. When this informa-
tion is reported, the UE may determine whether or not to
punctuate the RS in the short PUCCH based on the in-
formation and the bandwidth of each PUCCH.

[0089] FIGs. 8A and 8B are diagrams to show exam-
ples of the relationship between the bandwidth of the
short PUCCH in PUCCH type 3 and the presence/ab-
sence of an RS. In the case of FIG. 8A, the bandwidth
of the short PUCCH is narrower than the bandwidth of
the long PUCCH, so that the RS in the short PUCCH is
punctured. Meanwhile, in the case of FIG. 8B, the band-
width of the short PUCCH is wider than the bandwidth of
the long PUCCH, the RS in the short PUCCH is not punc-
tured (RS and UCI are TDM and/or FDM in the short
PUCCH).

[Sequence-based PUCCH]

[0090] In NR, DMRS-based transmission and se-
quence-based transmission are under study as PUCCH
transmission methods.

[0091] Since DMRS-based transmission reports UCI
in an uplink control channel including the DMRS for de-
modulating UCI (hereinafter also referred to as "DMRS-
based PUCCH"), DMRS-based transmission may be re-
ferred to as "coherent transmission," "coherent design,"
and so on.

[0092] Since sequence-based transmission reports
UCI in an uplink control channel not including the DMRS
for demodulating UCI (hereinafter also referred to as "se-
quence-based PUCCH"), sequence-based transmission
may be referred to as "non-coherent transmission (non-
coherent transmission)," "non-coherent design," and the
like. Details of a sequence-based PUCCH will be de-
scribed later.

[0093] In the present specification, up till here, each
PUCCH type has been described in association with a
DMRS-based PUCCH, but this is by no means limiting.
For example, one or both of a long PUCCH and a short
PUCCH may be a sequence-based PUCCH.

10

15

20

25

30

35

40

45

50

55

[0094] When sequence-based PUCCH is used for a
short PUCCH in PUCCH type 3, the UE may transmit
one UCI (UCI payload) or a plurality of UCIs (UCI pay-
loads) in all PUCCH resources of both the long PUCCH
and the short PUCCH. Here, a plurality of UCls may cor-
respond to the same information, or may correspond to
pieces of different information. For example, the UCI
transmitted in the long PUCCH may be different from the
UCI transmitted in the short PUCCH.

[0095] One UCI may be spread, repeated and/or en-
coded over both the long PUCCH and the short PUCCH.
The ratio of the UCI payload in the long PUCCH and the
UCI payload in the short PUCCH (which may be referred
to as the "payload ratio") may correspond to the ratio of
the PUCCH resources of the long PUCCH and the
PUCCH resources of the short PUCCH (which may be
referred to as the "resource ratio").

[0096] Note that, the payload ratio may be determined
based on the resource ratio, or may be determined by
applying a certain offset to the resource ratio. For exam-
ple, the payload ratio may be adjusted so that more UCls
are transmitted in the long PUCCH (or in the short
PUCCH).

[0097] Also, given a sequence-based PUCCH, if the
maximum number of UCI bits (for example, X bits) that
can be transmitted is configured in the UE, X bits, out all
the UCI bits, may be transmitted in the short PUCCH,
and the remaining bits excluding the above X bits out of
all the UCI bits may be transmitted in the long PUCCH.
Information about the maximum number of UCI bits that
can be transmitted may be reported to the UE by higher
layer signaling, physical layer signaling, or a combination
of these.

[0098] FIGs. 9A and 9B are diagrams to show exam-
ples of UCIs where a sequence-based PUCCH is used
for the short PUCCH of PUCCH type 3. In this example,
the same PUCCH resources as in FIG. 2C are shown.
FIG. 9A shows an example in which one UCI (UCI #1) is
transmitted using both the long PUCCH (DMRS-based)
and the short PUCCH (sequence-based). FIG. 9B shows
an example in which one UCI (UCI #1) is transmitted in
the long PUCCH (DMRS-based), and another UCI (UCI
#2)istransmitted in the short PUCCH (sequence-based).
[0099] By higher layer signaling, physical layer signal-
ing or a combination of these, information as to whether
to use a sequence-based PUCCH in the long PUCCH
and/or the short PUCCH may be reported to the UE. The
UE may decide whether to use a DMRS-based PUCCH
or a sequence-based PUCCH as the long PUCCH and/or
the short PUCCH.

[0100] Hereinafter, a sequence-based PUCCH will be
described in detail. UCI that is reported via a sequence-
based PUCCH is detected by the network without requir-
ing DMRSs, and therefore a sequence-based PUCCH
may be referred to as an RS that does not require UCI
("RS w/o UCI"), and/or the like. In addition, UCl to that is
reported via a sequence-based PUCCH can also be re-
ported using orthogonal resources that are used to trans-
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mit a certain RS, and therefore a sequence-based
PUCCH may be referred to as "RS on UCI"," "UCl-re-
porting RS," and so on.

[0101] Note that the orthogonal resource may be at
least one of a base sequence (orthogonal sequence),
the amount of phase rotation, a cyclic shift (CS), an or-
thogonal code (which may be referred to as, for example,
an "OCC (Orthogonal Cover Code)"), a time and/or fre-
quency resource, and the like.

[0102] Abase sequence ofasequence-based PUCCH
may be a CAZAC (Constant Amplitude Zero Auto-Cor-
relation) sequence (for example, a Zadoff-Chu se-
quence), ormay be a sequence (CG-CAZAC (Computer-
Generated CAZAC) sequence) conforming to a CAZAC
sequence, such as one that is specified in 3GPP TS
36.211 §5.5.1.2 (in particular, Table 5.5.1.2-1 and Table
5.5.1.2-2) and so on.

[0103] Information about the base sequence may be
configured (reported) from the network (for example, a
base station) to the UE by higher layer signaling, physical
layer signaling, or acombination of these. Also, a plurality
of candidates of transmission resources for sequence-
based transmission may be associated with a plurality of
candidate values for the UCI that is reported, respective-
ly. These transmission resources may be orthogonal re-
sources (which may be referred to as "spreading code
resources") that can be code-division-multiplexed
(CDM).

[0104] Information indicating the above multiple can-
didates may be reported from the network to the UE by
higher layer signaling, physical layer signaling, or a com-
bination of these. The UE may select one orthogonal re-
source from among a plurality of candidates depending
on the value of the UCI to be reported, and transmit the
sequence-based PUCCH using the selected resource.
[0105] Hereinafter, a case where the transmission re-
sources for reporting UCI are the amounts of phase ro-
tation will be described. Multiple candidates of the phase
rotation amount assigned to one UE may be referred to
as a "phase rotation amount set." Here, a case is as-
sumed where a sequence-based PUCCH is transmitted
using one PRB (the number of subcarriers M is twelve),
but this is by no means limiting.

[0106] FIG. 20 is a diagram to show an example of a
phase rotation amount set. In this example, the UCl is
two-bit information. Since two-bit UCI takes four values,
the phase rotation amount set includes four phase rota-
tion amounts.

[0107] The sequence length of the base sequence
used for the sequence-based PUCCH is determined by
the number of subcarriers M and the number of PRBs.
In this case, since one PRB is assumed, when this base
sequence is a Zadoff-Chu sequence, the sequence
length is the largest prime number (=11)-1=10 below 12,
and there are twelve phase rotations that can be used.
For example, twelve phase rotation amounts ag-0.4 4 pro-
vided at phase intervals of 27/12 may be defined.
[0108] The twelve sequences obtained by phase-ro-
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tating base sequences by phase rotation (cyclic shift)
amounts o to a4 are orthogonal to each other. Note
that phase rotation amounts ag to a44 may be defined
based on at least one of the number of subcarriers, M,
the number of PRBs and the sequence length of base
sequences. The set of phase rotation amounts may be
comprised of two or more phase rotation amounts se-
lected from phase rotation amounts o to o 4.

[0109] The set of the phase rotation amount of se-
quence type 0 shown in FIG. 10A is comprised of a plu-
rality of adjacent (continuous) phase rotation amounts.
The set of phase rotation amounts includes four phase
rotation amounts o, o4, oy, and o3, each separated by
n/6. The set of phase rotation amounts of sequence type
1 shown in FIG. 10B is comprised of a plurality of phase
rotation amounts separated from each other. This set of
phase rotation amounts includes four phase rotation
amounts o, a3, ag, and ag apart from each other by /2.
[0110] In an environment with low frequency selectiv-
ity, the cross correlation between sequence type 0 and
sequence type 1 is little (there is no interference between
sequences generated in each sequence type). There-
fore, in an environment with low frequency selectivity,
the UCI error rate is equal for both sequence type 0 and
sequence type 1. If sequence type O is used, twelve
phase rotation amounts can be provided more densely,
so that three UEs can each use four phase rotation
amounts, allowing more efficient use of phase rotation
amounts.

[0111] On the other hand, in an environment with
strong frequency selectivity, since the cross correlation
between sequences generated by applying adjacent
phase rotation amounts is significant, and the UCI error
of UCl increases. Therefore, when the frequency selec-
tivity is strong, using sequence type 1 can lower the UCI
error rate compared to using sequence type 0.

[0112] The UE may assume using sequence type 0 if
the transmission bandwidth allocated to a PUCCH is
equal to or greater than a certain value, and select se-
quence type 1 if the transmission bandwidth allocated to
a PUCCH is less than the certain value. Thus, without
reporting the sequence type from the network, the UE
can select a sequence type that satisfies a certain error
rate.

[0113] FIG. 11 is a diagram to show an example of a
sequence-based PUCCH. As shown in FIG. 11, when
the UE, to which the set of phase rotation amounts of
FIG. 10A is assigned, selects "11" as two-bit UCI to be
reported, the reference sequence is phase-rotated using
corresponding o,, to generate a sequence-based
PUCCH.

[0114] FIGs. 12A and 12B are diagrams to show ex-
amples of sequence-based PUCCH generation process-
es. The UE applies phase rotation to base sequences
Xo-Xm-1 of sequence length M according to phase rota-
tion amount o that is selected, and performs an OFDM
or DFT-S-OFDM process on the phase-rotated base se-
quences. The UE transmits the output signals having
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been subjected to the OFDM or DFT-S-OFDM process
(FIG. 12A).

[0115] FIG. 12B is a diagram to show an example of
resource mapping of sequence-based PUCCHs. If se-
quence-based PUCCHs are transmitted using one PRB
(the number of subcarriers M is 12) in a given symbol
(for example, one symbol), base sequences X,-X,.4 are
phase-rotated using phase rotation amounts o associat-
ed with certain information, and each base sequence is
mapped to subcarriers in this one PRB. Note that the
base sequences may be used with some of the base
sequences reused or expanded.

[0116] Note that o represents an arbitrary phase rota-
tion amount which the UE can select, and, for example,
if the UE is assigned the set of phase rotation amounts
in FIG. 10A, o is one of ao, a4, a,, and aj, selected
depending on UCI.

[0117] Next, the reception determination operation of
sequence-based UCI will be described. The receiving
apparatus (for example, the network (base station)) may
detect sequence-based UCI (judge the content of UCI)
from received signals by using maximum likelihood de-
tection (ML detection) (which may be referred to as "cor-
relation detection").

[0118] Specifically, the receiving apparatus generates
sequence-based UCI base sequences (transmission sig-
nal sequences). Alternatively, replica of the amounts of
phase rotation (UCI phase rotation amount replicas) as-
signed to the transmitting apparatus (for example, a UE)
may be generated (for example, four patterns are gen-
erated when a sequence based UCI is two bits), and the
transmission signal waveforms may be generated using
the generated base sequences and UCI phase rotation
amount replicas in the same way as in the transmission
apparatus.

[0119] Also, the receiving apparatus may calculate the
correlation between the transmission signal waveforms
obtained thus, and the received signal waveforms re-
ceived from the transmitting apparatus, for all the UCI
phase rotation amount replicas, and assume thatthe UCI
phase rotation amountreplica with the highest correlation
has been transmitted.

[0120] For example, the receiving apparatus gener-
ates transmission signal sequences (M complex-number
sequences) by applying phase rotation, based on UCI
phase rotation amountreplicas, to a base sequence. The
receiving device multiplies the received signal sequenc-
es (M complex-number sequences) afterthe DFT, having
a size of M, with the complex conjugates of the transmis-
sion signal sequences, on an element by element basis,
and calculates a likelihood based on the M sequences
obtained.

[0121] The likelihood may be the sum of the absolute
values (or the squares of the absolute values) of the mul-
tiplication results for each element of the received signal
sequences and the transmission signal sequences. The
receiving apparatus may estimate that the sequence-
based UCI corresponding to the UCI phase rotation
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amount replica with the maximum likelihood among all
the UCI phase rotation amount replicas has been trans-
mitted.

[0122] In addition, the receiving apparatus may per-
form channel estimation using the UCI phase rotation
amount replicas (for example, four times when the UCI
is two bits), perform demodulation and error detection of
UCI based on the results of channel estimation (or error
correction), and detect sequence-based UCI by specify-
ing the phase rotation amount replicas of UCI in which
no error is detected (or the number of bits where error is
detected is small).

[0123] The receiving apparatus may generate a trans-
mission signal replicas to match the maximum number
of phase rotation amounts that can be assigned (for ex-
ample, twenty four the event of two PRBs), and estimate
the phase rotation amount having the highest correlation
with the received signal in the same operation as the
above-described operation. When phase rotation
amounts other than the assigned phase rotation amount
are estimated, it may be presumed that the one closest
to the estimated value among the assigned phase rota-
tion amounts has been transmitted.

[0124] The receiving apparatus may detect the corre-
lation between the latency time of a time domain trans-
mission signal waveform generated from a base se-
quence with phase rotation amount=0 and a received
time domain received signal waveform, and estimate the
phase rotation amount according to the latency time
amount at which the correlation value becomes maxi-
mum.

[0125] Even when a plurality of UEs are multiplexed,
since received signals from the plurality of UEs are or-
thogonal to each other, the network can detect sequence-
based UCI using the phase rotation amount assigned to
a specific UE.

[0126] Note that, although a case where sequence-
based UCI is generated by applying phase rotation to a
base sequence has been mainly described as an exam-
ple here, this is not limiting. The "phase rotation amount"
may be replaced with "orthogonal resource," "other or-
thogonal resource (for example, "orthogonal
code," "orthogonal  sequence," "cyclic  shift," "time
and/or frequency resource," etc.)," and the like.

[0127] As explained above, according to one embod-
iment of the present invention, the UE can appropriately
determine the PUCCH type to use to transmit UCI.

(Radio Communication System)

[0128] Now, the structure of the radio communication
system according to one embodiment of the present in-
vention will be described below. In this radio communi-
cation system, communication is performed using one or
a combination of the radio communication methods ac-
cording to the herein-contained embodiments of the
present invention.

[0129] FIG. 13 is a diagram to show an example of a
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schematic structure of aradio communication system ac-
cording to one embodiment of the present invention. A
radio communication system 1 can adopt carrier aggre-
gation (CA) and/or dual connectivity (DC) to group a plu-
rality of fundamental frequency blocks (component car-
riers) into one, where the LTE system bandwidth (for ex-
ample, 20 MHz) constitutes one unit.

[0130] Note that the radio communication system 1
may be referred to as "LTE (Long Term Evolution)," "LTE-
A (LTE-Advanced)," "LTE-B (LTE-Beyond)," "SUPER
3G," "IMT-Advanced," "4G (4th generation mobile com-
munication system)," "5G (5th generation mobile com-
munication system)," "FRA (Future Radio Access),"
"New-RAT (Radio Access Technology)," and so on, or
may be seen as a system to implement these.

[0131] The radio communication system 1 includes a
radio base station 11 that forms a macro cell C1 having
a relatively wide coverage, and radio base stations 12
(12a to 12c) that are placed within the macro cell C1 and
that form small cells C2, which are narrower than the
macro cell C1. Also, user terminals 20 are placed in the
macro cell C1 and in each small cell C2. The arrange-
ment, number and so on of cells and user terminals are
not limited to those illustrated in the drawings.

[0132] The user terminals 20 can connect with both
the radio base station 11 and the radio base stations 12.
The user terminals 20 may use the macro cell C1 and
the small cells C2 at the same time by means of CA or
DC. Furthermore, the user terminals 20 may apply CA
or DC using a plurality of cells (CCs) (for example, five
or fewer CCs or 6 or more CCs).

[0133] Between the user terminals 20 and the radio
base station 11, communication can be carried out using
a carrier of a relatively low frequency band (for example,
2 GHz) and a narrow bandwidth (referred to as, for ex-
ample, an "existing carrier," a "legacy carrier" and so on).
Meanwhile, between the user terminals 20 and the radio
base stations 12, a carrier of a relatively high frequency
band (for example, 3.5 GHz, 5 GHz and so on) and a
wide bandwidth may be used, or the same carrier as that
used in the radio base station 11 may be used. Note that
the structure of the frequency band for use in each radio
base station is by no means limited to these.

[0134] Astructure may be employed here in which wire
connection (for example, means in compliance with the
CPRI (Common Public Radio Interface) such as optical
fiber, the X2 interface and so on) or wireless connection
is established between the radio base station 11 and the
radio base station 12 (or between two radio base stations
12).

[0135] The radio base station 11 and the radio base
stations 12 are each connected with higher station ap-
paratus 30, and are connected with a core network 40
via the higher station apparatus 30. Note that the higher
station apparatus 30 may be, for example, access gate-
way apparatus, a radio network controller (RNC), a mo-
bility management entity (MME) and so on, but is by no
means limited to these. Also, each radio base station 12
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may be connected with the higher station apparatus 30
via the radio base station 11.

[0136] Note that the radio base station 11 is a radio
base station having a relatively wide coverage, and may
be referred to as a "macro base station," a "central node,"
an "eNB (eNodeB)," a "transmitting/receiving point" and
so on. Also, the radio base stations 12 are radio base
stations having local coverages, and may be referred to
as "small base stations," "micro base stations," "pico
base stations," "femto base stations," "HeNBs (Home
eNodeBs)," "RRHs (Remote Radio Heads)," "transmit-
ting/receiving points" and so on. Hereinafter the radio
base stations 11 and 12 will be collectively referred to as
"radio base stations 10," unless specified otherwise.
[0137] The user terminals 20 are terminals to support
various communication schemes such as LTE, LTE-A
and so on, and may be either mobile communication ter-
minals (mobile stations) or stationary communication ter-
minals (fixed stations).

[0138] In the radio communication system 1, as radio
access schemes, orthogonal frequency division multiple
access (OFDMA) is applied to the downlink, and single-
carrier frequency division multiple access (SC-FDMA)
and/or OFDMA are applied to the uplink.

[0139] OFDMA is a multi-carrier communication
scheme to perform communication by dividing a frequen-
cy bandwidth into a plurality of narrow frequency band-
widths (subcarriers) and mapping data to each subcar-
rier. SC-FDMA is a single-carrier communication scheme
to mitigate interference between terminals by dividing the
system bandwidth into bands formed with one or contin-
uous resource blocks per terminal, and allowing a plu-
rality of terminals to use mutually different bands. Note
that the uplink and downlink radio access schemes are
not limited to these combinations, and other radio access
schemes may be used.

[0140] In the radio communication system 1, a down-
link shared channel (PDSCH: Physical Downlink Shared
CHannel), which is used by each user terminal 20 on a
shared basis, a broadcast channel (PBCH: Physical
Broadcast CHannel), downlink L1/L2 control channels
and so on are used as downlink channels. User data,
higher layer control information and SIBs (System Infor-
mation Blocks) are communicated in the PDSCH. Also,
the MIB (Master Information Block) is communicated in
the PBCH.

[0141] The downlink L1/L2 control channels include a
PDCCH (Physical Downlink Control CHannel), an EPD-
CCH (Enhanced Physical Downlink Control CHannel), a
PCFICH (Physical Control Format Indicator CHannel), a
PHICH (Physical Hybrid-ARQ Indicator CHannel) and so
on. Downlink control information (DCI), including PDSCH
and/or PUSCH scheduling information, downlink control
information (DCI) and so on, is communicated by the
PDCCH.

[0142] Note thatschedulinginformation may be report-
ed via DCI. For example, the DCI for scheduling DL data
reception may be referred to as "DL Assignment," and
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the DCI to schedule UL data transmission may be re-
ferred to as "UL grant."

[0143] The number of OFDM symbols to use for the
PDCCH is communicated by the PCFICH. HARQ (Hybrid
Automatic Repeat reQuest) delivery acknowledgment in-
formation (also referred to as, for example, "retransmis-
sion control information," "HARQ-ACKs," "ACK/NACKs,"
etc.) in response to the PUSCH is transmitted by the
PHICH. The EPDCCH is frequency-division-multiplexed
with the PDSCH (downlink shared data channel) and
used to communicate DCI and so on, like the PDCCH.
[0144] Inthe radio communication system 1, an uplink
shared channel (PUSCH: Physical Uplink Shared CHan-
nel), which is used by each user terminal 20 on a shared
basis, an uplink control channel (PUCCH: Physical Up-
link Control CHannel), a random access channel
(PRACH: Physical Random Access CHannel) and so on
are used as uplink channels. User data, higher layer con-
trol information and so on are communicated by the
PUSCH. Also, in the PUCCH, downlink radio quality in-
formation (CQIl: Channel Quality Indicator), delivery ac-
knowledgment information, scheduling requests (SRs)
and so on are communicated. By means of the PRACH,
random access preambles for establishing connections
with cells are communicated.

[0145] Inthe radio communication systems 1, the cell-
specific reference signal (CRS: Cell-specific Reference
Signal), the channel state information reference signal
(CSI-RS: Channel State Information-Reference Signal),
the demodulation reference signal (DMRS: DeModula-
tion Reference Signal), the positioning reference signal
(PRS: Positioning Reference Signal) and so on are com-
municated as downlink reference signals. Also, in the
radio communication system 1, the measurement refer-
ence signal (SRS: Sounding Reference Signal), the de-
modulation reference signal (DMRS) and so on are com-
municated as uplink reference signals. Note that the
DMRS may be referred to as a "user terminal-specific
reference signal (UE-specific Reference Signal)." Also,
the reference signals to be communicated are by no
means limited to these.

(Radio Base Station)

[0146] FIG. 14 is a diagram to show an example of an
overall structure of a radio base station according to one
embodiment of the present invention. A radio base sta-
tion 10 has a plurality of transmitting/receiving antennas
101, amplifying sections 102, transmitting/receiving sec-
tions 103, a baseband signal processing section 104, a
call processing section 105 and a communication path
interface 106. Note that one or more transmitting/receiv-
ing antennas 101, amplifying sections 102 and transmit-
ting/receiving sections 103 may be provided.

[0147] User data to be transmitted from the radio base
station 10 to a user terminal 20 on the downlink is input
from the higher station apparatus 30 to the baseband
signal processing section 104, via the communication
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path interface 106.

[0148] Inthe baseband signal processing section 104,
the user data is subjected to a PDCP (Packet Data Con-
vergence Protocol) layer process, user data division and
coupling, RLC (Radio Link Control) layer transmission
processes such as RLC retransmission control, MAC
(Medium Access Control) retransmission control (for ex-
ample, an HARQ (Hybrid Automatic Repeat reQuest)
transmission process), scheduling, transport format se-
lection, channel coding, an inverse fast Fourier transform
(IFFT) process and a precoding process, and the result
is forwarded to each transmitting/receiving section 103.
Furthermore, downlink control signals are also subjected
to transmission processes such as channel coding and
an inverse fast Fourier transform, and forwarded to each
transmitting/receiving section 103.

[0149] Baseband signals that are precoded and output
from the baseband signal processing section 104 on a
per antenna basis are converted into a radio frequency
band in the transmitting/receiving sections 103, and then
transmitted. The radio frequency signals having been
subjected to frequency conversion in the transmitting/re-
ceiving sections 103 are amplified in the amplifying sec-
tions 102, and transmitted from the transmitting/receiving
antennas 101. The transmitting/receiving sections 103
can be constituted by transmitters/receivers, transmit-
ting/receiving circuits or transmitting/receiving apparatus
that can be described based on general understanding
of the technical field to which the present invention per-
tains. Note that a transmitting/receiving section 103 may
be structured as a transmitting/receiving section in one
entity, or may be constituted by a transmitting section
and a receiving section.

[0150] Meanwhile, as for uplink signals, radio frequen-
cy signals that are received in the transmitting/receiving
antennas 101 are each amplified in the amplifying sec-
tions 102. The transmitting/receiving sections 103 re-
ceive the uplink signals amplified in the amplifying sec-
tions 102. The received signals are converted into the
baseband signal through frequency conversion in the
transmitting/receiving sections 103 and output to the
baseband signal processing section 104.

[0151] Inthe baseband signal processing section 104,
user data that is included in the uplink signals that are
input is subjected to a fast Fourier transform (FFT) proc-
ess, an inverse discrete Fourier transform (IDFT) proc-
ess, error correction decoding, a MAC retransmission
control receiving process, and RLC layerand PDCP layer
receiving processes, and forwarded to the higher station
apparatus 30 via the communication path interface 106.
The call processing section 105 performs call processing
(such as setting up and releasing communication chan-
nels), manages the state of the radio base stations 10
and manages the radio resources.

[0152] The communication path interface section 106
transmits and receives signals to and from the higher
station apparatus 30 via a certain interface. Also, the
communication path interface 106 may transmit and re-
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ceive signals (backhaul signaling) with other radio base
stations 10 via an inter-base station interface (which is,
for example, optical fiber that is in compliance with the
CPRI(Common Public Radio Interface), the X2 interface,
etc.).

[0153] The transmitting/receiving sections 103 may
transmit and/or receive signals using multiple TTls of dif-
ferent lengths (TTI durations). For example, in one or
more carriers (cells, CCs, etc.), the transmitting/receiving
sections 103 may receive signals using a first TTI (for
example, a long TTIl) and a second TTI (for example, a
short TTI) with a shorter TTI duration than the first TTI.

[0154] For example, the transmitting/receiving sec-
tions 103 may receive UCI that is transmitted using a
short PUCCH and/oralong PUCCH, from a user terminal
20.

[0155] The transmitting/receiving sections 103 may re-
ceive UCI using a short PUCCH in a frequency resource
that does not overlap with the long PUCCH. The trans-
mitting/receiving sections 103 may receive UCI thatdoes
not contain reference signals (for example, UCI demod-
ulation reference signal) in a short PUCCH.

[0156] In addition, the transmitting/receiving sections
103 may transmit at least one of information about the
PUCCH type, information about the performance and/or
the quality required of UCI, information about the thresh-
old for the number of HARQ retransmissions, which is
for determining the PUCCH type, information about the
UE category, information about the carrier’s service type,
information as to whether one UCl is transmitted or mul-
tiple UClIs are transmitted in long PUCCH and a short
PUCCH, RS configuration information pertaining to a cer-
tain PUCCH type, information about the maximum
number of UCI bits that can be transmitted, and informa-
tion as to whether or not a sequence-based PUCCH is
used in a long PUCCH and/or a short PUCCH, to the
user terminal 20.

[0157] FIG. 15 is a diagram to show an example of a
functional structure of a radio base station according to
one embodiment of the present invention. Note that, al-
though this example primarily shows functional blocks
that pertain to characteristic parts of the present embod-
iment, the radio base station 10 has other functional
blocks that are necessary for radio communication as
well.

[0158] The baseband signal processing section 104
has a control section (scheduler) 301, a transmission sig-
nal generation section 302, a mapping section 303, a
received signal processing section 304 and a measure-
ment section 305. Note that these configurations have
only to be included in the radio base station 10, and some
or all of these configurations may not be included in the
baseband signal processing section 104.

[0159] The control section (scheduler) 301 controls the
whole of the radio base station 10. The control section
301 can be constituted by a controller, a control circuit
or control apparatus that can be described based on gen-
eral understanding of the technical field to which the
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present invention pertains.

[0160] The control section 301, for example, controls
the generation of signals in the transmission signal gen-
eration section 302, the allocation of signals by the map-
ping section 303, and so on. Furthermore, the control
section 301 controls the signal receiving processes in
the received signal processing section 304, the meas-
urements of signals in the measurement section 305, and
SO on.

[0161] The control section 301 controls the scheduling
(for example, resource allocation) of system information,
downlink data signals (for example, signals transmitted
inthe PDSCH) and downlink control signals (for example,
signals communicated in the PDSCH and/or the EPD-
CCH). The control section 301 controls the generation
of downlink control signals, downlink data signals and so
on, based on the results of deciding whether or not re-
transmission control is necessary for uplink data signals,
and so on. Also, the control section 301 controls the
scheduling of synchronization signals (for example, the
PSS (Primary Synchronization Signal)/SSS (Secondary
Synchronization Signal)), downlink reference signals (for
example, the CRS, the CSI-RS, the DMRS, etc.) and so
on.

[0162] In addition, the control section 301 may control
the scheduling of uplink data signals (for example, sig-
nals transmitted in the PUSCH), uplink control signals
(for example, signals transmitted in the PUCCH and/or
the PUSCH, such as acknowledgment information), ran-
dom access preambles (for example, signal transmitted
by the PRACH), uplink reference signals and so on.
[0163] The control section 301 controls the transmis-
sion and/or reception of signals in one or more CCs by
using a first TTI (for example, a long TTI, a subframe, a
slot, etc.) and a second TTI (for example, a short TTI, an
sTTI, a minislot, etc.) with a shorter TTI duration than the
first TTI.

[0164] For example, the control section 301 may de-
cide to use one or both of a short uplink control channel
(short PUCCH), which is transmitted in a short period,
and a long uplink control channel (long PUCCH), which
is transmitted in a longer period than the short uplink
control channel, to receive uplink control information (for
example, UCI) that is transmitted from a certain user ter-
minal 20, based on certain information.

[0165] Here, the certain information may be at least
one of the size of the UCI, the type of the UCI, the number
of times the UCI is retransmitted, and the UE category
of the user terminal 20. Also, the certain information may
be information about the PUCCH type, which indicates
the combination of one or a plurality of PUCCHs that are
used to transmit the UCI.

[0166] The control section 301 may control the receiv-
ing processes in the received signal processing section
304 for UCI transmitted in a short PUCCH and/or a long
PUCCH. The control section 301 may control receiving
processes on the assumption that the same UCI has
been transmitted in the short PUCCH and the long
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PUCCH, for example, or may control receiving processes
on the assumption that different (separate) UCls have
been transmitted.

[0167] The control section 301 may determine the RS
configuration used in the short PUCCH and/or the long
PUCCH.

[0168] The transmission signal generation section 302
generates downlink signals (downlink control signals,
downlink data signals, downlink reference signals and
so on) based on commands from the control section 301,
and outputs these signals to the mapping section 303.
The transmission signal generation section 302 can be
constituted by a signal generator, a signal generating cir-
cuit or signal generating apparatus that can be described
based on general understanding of the technical field to
which the present invention pertains.

[0169] For example, the transmission signal genera-
tion section 302 generates DL assignments, which report
downlink signal allocation information, and UL grants,
which report uplink signal allocation information, based
on commands from the control section 301. DL assign-
ments and UL grants are both DCI, and follow the DCI
format. Also, the downlink data signals are subjected to
the coding process, the modulation process and so on,
by using coding rates and modulation schemes that are
determined based on, for example, channel state infor-
mation (CSI) from each user terminal 20.

[0170] The mapping section 303 maps the downlink
signals generated in the transmission signal generation
section 302 to certain radio resources based on com-
mands from the control section 301, and outputs these
to the transmitting/receiving sections 103. The mapping
section 303 can be constituted by a mapper, a mapping
circuitor mapping apparatus that can be described based
on general understanding of the technical field to which
the present invention pertains.

[0171] Thereceived signal processing section 304 per-
forms receiving processes (for example, demapping, de-
modulation, decoding and so on) of received signals that
are input from the transmitting/receiving sections 103.
Here, the received signals include, for example, uplink
signals transmitted from the user terminals 20 (uplink
control signals, uplink data signals, uplink reference sig-
nals and so on). For the received signal processing sec-
tion 304, a signal processor, a signal processing circuit
or signal processing apparatus that can be described
based on general understanding of the technical field to
which the present invention pertains can be used.
[0172] Thereceived signal processing section 304 out-
puts the decoded information acquired through the re-
ceiving processes to the control section 301. For exam-
ple, when a PUCCH to contain an HARQ-ACK is re-
ceived, the received signal processing section 304 out-
puts this HARQ-ACK to the control section 301. Also, the
received signal processing section 304 outputs the re-
ceived signals and/or the signals after the receiving proc-
esses to the measurement section 305.

[0173] The measurement section 305 conducts meas-
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urements with respect to the received signals. The meas-
urement section 305 can be constituted by a measurer,
a measurement circuit or measurement apparatus that
can be described based on general understanding of the
technical field to which the present invention pertains.
[0174] For example, the measurement section 305
may perform RRM (Radio Resource Management)
measurements, CSI (Channel State Information) meas-
urements and so on, based on the received signals. The
measurement section 305 may measure the received
power (for example, RSRP (Reference Signal Received
Power)), the received quality (for example, RSRQ (Ref-
erence Signal Received Quality), SINR (Signal to Inter-
ference plus Noise Ratio), etc.), the signal strength (for
example, RSSI (Received Signal Strength Indicator)),
transmission path information (for example, CSl), and so
on. The measurementresults may be output to the control
section 301.

(User Terminal)

[0175] FIG. 16 is a diagram to show an example of an
overall structure of a user terminal according to one em-
bodiment of the presentinvention. A user terminal 20 has
a plurality of transmitting/receiving antennas 201, ampli-
fying sections 202, transmitting/receiving sections 203,
a baseband signal processing section 204 and an appli-
cation section 205. Note that one or more transmitting/re-
ceiving antennas 201, amplifying sections 202 and trans-
mitting/receiving sections 203 may be provided.

[0176] Radio frequency signals that are received in the
transmitting/receiving antennas 201 are amplified in the
amplifying sections 202. The transmitting/receiving sec-
tions 203 receive the downlink signals amplified in the
amplifying sections 202. The received signals are sub-
jected to frequency conversion and converted into the
baseband signal in the transmitting/receiving sections
203, and output to the baseband signal processing sec-
tion 204. A transmitting/receiving section 203 can be con-
stituted by a transmitters/receiver, a transmitting/receiv-
ing circuit or transmitting/receiving apparatus that can be
described based on general understanding of the tech-
nical field to which the present invention pertains. Note
that a transmitting/receiving section 203 may be struc-
tured as a transmitting/receiving section in one entity, or
may be constituted by a transmitting section and a re-
ceiving section.

[0177] Inthe baseband signal processing section 204,
the baseband signal that is input is subjected to an FFT
process, error correction decoding, a retransmission
control receiving process, and so on. Downlink user data
is forwarded to the application section 205. The applica-
tion section 205 performs processes related to higher
layers above the physical layer and the MAC layer, and
so on. Also, among the downlink data, the broadcast in-
formation may also be forwarded to the application sec-
tion 205.

[0178] Meanwhile, uplink user data is input from the
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application section 205 to the baseband signal process-
ing section 204. The baseband signal processing section
204 performs a retransmission control transmission proc-
ess (forexample, an HARQ transmission process), chan-
nel coding, precoding, a discrete Fourier transform (DFT)
process, an IFFT process and so on, and the result is
forwarded to the transmitting/receiving sections 203.
Baseband signals that are output from the baseband sig-
nal processing section 204 are converted into a radio
frequency band in the transmitting/receiving sections 203
and transmitted. The radio frequency signals that are
subjected to frequency conversion in the transmitting/re-
ceiving sections 203 are amplified in the amplifying sec-
tions 202, and transmitted from the transmitting/receiving
antennas 201.

[0179] The transmitting/receiving sections 203 may
transmit and/or receive signals using multiple TTls of dif-
ferent lengths (TTI durations). For example, in one or
more carriers (cells, CCs, etc.), the transmitting/receiving
sections 203 may transmit signals using a first TTI (for
example, a long TTIl) and a second TTI (for example, a
short TTI) with a shorter TTI duration than the first TTI.

[0180] For example, the transmitting/receiving sec-
tions 203 may transmit UCI to the radio base station 10
using uplink control channels (for example, a short
PUCCH and/or a long PUCCH), which are determined
to be used for UCI transmission, by a control section 401,
which will be described later.

[0181] When the control section 401, which will be de-
scribed later, determines to use both a short PUCCH and
along PUCCH for UCI transmission, the transmitting/re-
ceiving sections 203 may transmit the same UCI over
both the short PUCCH and the long PUCCH, or transmit
different UCls in each of the short PUCCH and the long
PUCCH.

[0182] When the control section 401, which will be de-
scribed later, determines to use both a short PUCCH and
along PUCCH for UCI transmission, the transmitting/re-
ceiving sections 203 may transmit the UCI, by using the
short PUCCH, in frequency resources that do not overlap
with the long PUCCH.

[0183] The transmitting/receiving sections 203 do not
need to transmit reference signals (for example, UCI de-
modulation reference signal) in the short PUCCH, by vir-
tue of the control section 401, which will be described
later,.

[0184] Also, the transmitting/receiving sections 203
may receive atleast one of information about the PUCCH
type, information about the performance and/or the qual-
ity required of UCI, information about the threshold for
the number of HARQ retransmissions, which is for de-
termining the PUCCH type, information about the UE cat-
egory, information about the carrier’s service type, infor-
mation as to whether one UCI is transmitted or multiple
UClsare transmitted inlong PUCCH and a short PUCCH,
RS configuration information pertaining to a certain
PUCCH type, information about the maximum number
of UCI bits that can be transmitted, and information as
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to whether or not a sequence-based PUCCH is used in
a long PUCCH and/or a short PUCCH, from the radio
base station 10.

[0185] FIG. 17 is a diagram to show an example of a
functional structure of a user terminal according to one
embodiment of the present invention. Note that, although
this example primarily shows functional blocks that per-
tain to characteristic parts of the present embodiment,
the user terminal 20 has other functional blocks that are
necessary for radio communication as well.

[0186] The baseband signal processing section 204
provided in the user terminal 20 at least has a control
section 401, a transmission signal generation section
402, amapping section 403, areceived signal processing
section 404 and a measurement section 405. Note that
these configurations have only to be included in the user
terminal 20, and some or all of these configurations may
not be included in the baseband signal processing sec-
tion 204.

[0187] The control section 401 controls the whole of
the user terminal 20. For the control section 401, a con-
troller, a control circuit or control apparatus that can be
described based on general understanding of the tech-
nical field to which the present invention pertains can be
used.

[0188] The control section 401, for example, controls
the generation of signals in the transmission signal gen-
eration section 402, the allocation of signals in the map-
ping section 403, and so on. Furthermore, the control
section 401 controls the signal receiving processes in
the received signal processing section 404, the meas-
urements of signals in the measurement section 405, and
SO on.

[0189] The control section 401 acquires the downlink
control signals and downlink data signals transmitted
from the radio base station 10, via the received signal
processing section 404. The control section 401 controls
the generation of uplink control signals and/or uplink data
signals based on the results of deciding whether or not
retransmission control is necessary for the downlink con-
trol signals and/or downlink data signals, and so on.
[0190] In one or more CCs, the control section 401
controls the transmission and/or reception of signals us-
ing a first TTI (for example, a long TTI, a subframe, a
slot, etc.) and a second TTI (for example, a short TTI, an
sTTI, a minislot, etc.) having a shorter TTI duration than
the first TTIL.

[0191] For example, the control section 401 may de-
cide to use one or both of a short uplink control channel
(short PUCCH), which is transmitted in a short period,
and a long uplink control channel (long PUCCH), which
is transmitted in a longer period than the short uplink
control channel, to transmit uplink control information (for
example, UCI), based on certain information.

[0192] Here, the certain information may be at least
one of the size of the UCI, the type of the UCI, the number
of times the UCI is retransmitted, and the UE category
of the user terminal 20. Also, the certain information may



29 EP 3 589 046 A1 30

be information about the PUCCH type, which indicates
the combination of one or a plurality of PUCCHs that are
used to transmit the UCI.

[0193] The control section 401 may control generation
and/or mapping of UCI that is transmitted in the short
PUCCH and/or the long PUCCH. For example, the con-
trol section 401 may exert control to transmit the same
UCl in a short PUCCH and a long PUCCH, or may exert
control to transmit different (separate) UCls.

[0194] The control section 401 may determine the
PUCCH resources of the short PUCCH and/or the long
PUCCH. In addition, the control section 401 may exert
control to map UCI and RSs to PUCCH resources, or
exert control not to map RSs (and map sequence-based
PUCCH (UCI)).

[0195] Furthermore, when various kinds of information
reported from the radio base station 10 are acquired via
the received signal processing section 404, the control
section 401 may update the parameters to use in control
based on these pieces of information.

[0196] The transmission signal generation section 402
generates uplink signals (uplink control signals, uplink
data signals, uplink reference signals and so on) based
on commands from the control section 401, and outputs
these signals to the mapping section 403. The transmis-
sion signal generation section 402 can be constituted by
a signal generator, a signal generating circuit or signal
generating apparatus that can be described based on
general understanding of the technical field to which the
present invention pertains.

[0197] For example, the transmission signal genera-
tion section 402 generates uplink control signals related
to delivery acknowledgement information, channel state
information (CSI) and so on, based on commands from
the control section 401. Also, the transmission signal
generation section 402 generates uplink data signals
based on commands from the control section 401. For
example, when a UL grant is included in a downlink con-
trol signal that is reported from the radio base station 10,
the control section 401 commands the transmission sig-
nal generation section 402 to generate an uplink data
signal.

[0198] The mapping section 403 maps the uplink sig-
nals generated in the transmission signal generation sec-
tion 402 to radio resources based on commands from
the control section 401, and outputs the result to the
transmitting/receiving sections 203. The mapping sec-
tion 403 can be constituted by a mapper, a mapping cir-
cuit or mapping apparatus that can be described based
on general understanding of the technical field to which
the present invention pertains.

[0199] Thereceived signal processing section 404 per-
forms receiving processes (for example, demapping, de-
modulation, decoding and so on) of received signals that
are input from the transmitting/receiving sections 203.
Here, the received signalsinclude, for example, downlink
signals (downlink control signals, downlink data signals,
downlink reference signals and so on) that are transmit-
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ted from the radio base station 10. The received signal
processing section 404 can be constituted by a signal
processor, a signal processing circuit or signal process-
ing apparatus that can be described based on general
understanding of the technical field to which the present
invention pertains. Also, the received signal processing
section 404 can constitute the receiving section accord-
ing to the present invention.

[0200] The received signal processing section 404 out-
puts the decoded information, acquired through the re-
ceiving processes, to the control section 401. The re-
ceived signal processing section 404 outputs, for exam-
ple, broadcast information, system information, RRC sig-
naling, DCI and so on, to the control section 401. Also,
the received signal processing section 404 outputs the
received signals and/or the signals after the receiving
processes to the measurement section 405.

[0201] The measurement section 405 conducts meas-
urements with respect to the received signals. The meas-
urement section 405 can be constituted by a measurer,
a measurement circuit or measurement apparatus that
can be described based on general understanding of the
technical field to which the present invention pertains.
[0202] For example, the measurement section 405
may perform RRM measurements, CSI measurements
and so on based on the received signals. The measure-
ment section 405 may measure the received power (for
example, RSRP), the received quality (for example,
RSRQ, SINR, etc.), the signal strength (for example, RS-
Sl), transmission path information (for example, CSI),
and so on. The measurement results may be output to
the control section 401.

(Hardware Structure)

[0203] Note that the block diagrams that have been
used to describe the above embodiments show blocks
in functional units. These functional blocks (components)
may be implemented in arbitrary combinations of hard-
ware and/or software. Also, the means for implementing
each functional block is not particularly limited. That is,
each functional block may be realized by one piece of
apparatus that is physically and/or logically aggregated,
or may berealized by directly and/or indirectly connecting
two or more physically and/or logically separate pieces
of apparatus (via wire or wireless, for example) and using
these multiple pieces of apparatus.

[0204] For example, the radio base station, user ter-
minals and so on according to embodiments of the
present invention may function as a computer that exe-
cutes the processes of the radio communication method
of the present invention. FIG. 18 is a diagram to show an
example hardware structure of a radio base station and
a user terminal according to one embodiment of the
present invention. Physically, the above-described radio
base stations 10 and user terminals 20 may be formed
as a computer apparatus that includes a processor 1001,
a memory 1002, a storage 1003, communication appa-
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ratus 1004, input apparatus 1005, output apparatus 1006
and a bus 1007.

[0205] Note that, in the following description, the word
"apparatus" may be replaced by "circuit," "device," "unit"
and so on. Note that the hardware structure of a radio
base station 10 and a user terminal 20 may be designed
to include one or more of each apparatus shown in the
drawings, or may be designed not to include part of the
apparatus.

[0206] Forexample, although only one processor 1001
is shown, a plurality of processors may be provided. Fur-
thermore, processes may be implemented with one proc-
essor, or processes may be implemented in sequence,
or in different manners, on two or more processors. Note
that the processor 1001 may be implemented with one
or more chips.

[0207] Each function of the radio base station 10 and
the user terminal 20 is implemented by reading prede-
termined software (program) on hardware such as the
processor 1001 and the memory 1002, and by controlling
the calculations in the processor 1001, the communica-
tion in the communication apparatus 1004, and the read-
ing and/or writing of data in the memory 1002 and the
storage 1003.

[0208] The processor 1001 may control the whole com-
puter by, for example, running an operating system. The
processor 1001 may be configured with a central
processing unit (CPU), which includes interfaces with pe-
ripheral apparatus, control apparatus, computing appa-
ratus, a register and so on. For example, the above-de-
scribed baseband signal processing section 104 (204),
call processing section 105 and so on may be implement-
ed by the processor 1001.

[0209] Furthermore, the processor 1001 reads pro-
grams (program codes), software modules or data, from
the storage 1003 and/or the communication apparatus
1004, into the memory 1002, and executes various proc-
esses according to these. As for the programs, programs
to allow computers to execute at least part of the opera-
tions of the above-described embodiments may be used.
Forexample, the control section 401 of the user terminals
20 may be implemented by control programs that are
stored in the memory 1002 and that operate on the proc-
essor 1001, and other functional blocks may be imple-
mented likewise.

[0210] The memory 1002 is a computer-readable re-
cording medium, and may be constituted by, forexample,
at least one of a ROM (Read Only Memory), an EPROM
(Erasable Programmable ROM), an EEPROM (Electri-
cally EPROM), a RAM (Random Access Memory) and/or
other appropriate storage media. The memory 1002 may
be referred to as a "register," a "cache," a "main memory"
(primary storage apparatus) and so on. The memory
1002 can store executable programs (program codes),
software modules and/or the like for implementing the
radio communication methods according to embodi-
ments of the present invention.

[0211] The storage 1003 is a computer-readable re-
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cording medium, and may be constituted by, forexample,
at least one of a flexible disk, a floppy (registered trade-
mark) disk, a magneto-optical disk (for example, a com-
pact disc (CD-ROM (Compact Disc ROM) and so on), a
digital versatile disc, a Blu-ray (registered trademark)
disk), a removable disk, a hard disk drive, a smart card,
a flash memory device (for example, a card, a stick, a
key drive, etc.), a magnetic stripe, a database, a server,
and/or other appropriate storage media. The storage
1003 may be referred to as "secondary storage appara-
tus."

[0212] The communication apparatus 1004 is hard-
ware (transmitting/receiving device) for allowing inter-
computer communication by using wired and/or wireless
networks, and may be referred to as, for example, a "net-
work device," a "network controller," a "network card," a
"communication module" and so on. The communication
apparatus 1004 may be configured to include a high fre-
quency switch, a duplexer, a filter, a frequency synthe-
sizer and so onin order to realize, for example, frequency
division duplex (FDD) and/or time division duplex (TDD).
For example, the above-described transmitting/receiving
antennas 101 (201), amplifying sections 102 (202), trans-
mitting/receiving sections 103 (203), communication
path interface 106 and so on may be implemented by the
communication apparatus 1004.

[0213] The input apparatus 1005 is an input device for
receiving inputfrom the outside (for example, a keyboard,
amouse, a microphone, a switch, a button, a sensor and
so on). The output apparatus 1006 is an output device
for allowing sending output to the outside (for example,
adisplay, a speaker, an LED (Light Emitting Diode) lamp
and so on). Note that the input apparatus 1005 and the
output apparatus 1006 may be provided in an integrated
structure (for example, a touch panel).

[0214] Furthermore, these pieces of apparatus, includ-
ing the processor 1001, the memory 1002 and so on are
connected by the bus 1007 so as to communicate infor-
mation. The bus 1007 may be formed with a single bus,
or may be formed with buses that vary between pieces
of apparatus.

[0215] Also, the radio base station 10 and the user ter-
minal 20 may be structured to include hardware such as
a microprocessor, a digital signal processor (DSP), an
ASIC (Application-Specific Integrated Circuit), a PLD
(Programmable Logic Device), an FPGA (Field Program-
mable Gate Array) and so on, and part or all of the func-
tional blocks may be implemented by the hardware. For
example, the processor 1001 may be implemented with
at least one of these pieces of hardware.

(Variations)

[0216] Note that the terminology used in this specifi-
cation and the terminology that is needed to understand
this specification may be replaced by other terms that
convey the same or similar meanings. For example,
"channels" and/or "symbols" may be replaced by "signals



33 EP 3 589 046 A1 34

(or "signaling")." Also, "signals" may be "messages." A
reference signal may be abbreviated as an "RS," and
may be referred to as a "pilot," a "pilot signal" and so on,
depending on which standard applies. Furthermore, a
"component carrier" (CC) may be referred to as a "cell,"
a "carrier," a "carrier frequency" a "site," a "beam," and
so on.

[0217] Furthermore, a radio frame may be comprised
of one or more periods (frames) in the time domain. Each
of one or more periods (frames) constituting a radio frame
may be referred to as a "subframe." Furthermore, a sub-
frame may be comprised of one or more slots in the time
domain. A subframe may be a fixed time duration (for
example, one ms) not dependent on the neurology.
[0218] Furthermore, a slot may be comprised of one
or more symbols in the time domain (OFDM (Orthogonal
Frequency Division Multiplexing) symbols, SC-FDMA
(Single Carrier Frequency Division Multiple Access) sym-
bols, and so on). Also, a slot may be a time unit based
on neurology. Also, a slot may include a plurality of mini-
slots. Each mini-slot may consist of one or more symbols
in the time domain. Also, a mini-slot may be referred to
as a "subslot."

[0219] A radio frame, a subframe, a slot, a mini-slot
and a symbol all represent the time unit in signal com-
munication. A radio frame, a subframe, a slot, a mini-slot
and a symbol may be each called by other applicable
names. For example, one subframe may be referred to
as a "transmission time interval" (TTI), or a plurality of
consecutive subframes may be referred toas a "TTI," or
one slot or mini-slot may be referred to as a "TTL." That
is, a subframe and/or a TTI may be a subframe (one ms)
in existing LTE, may be a shorter period than one ms (for
example, one to thirteen symbols), or may be a longer
period of time than one ms. Note thatthe unitto represent
the TTI may be referred to as a "slot," a "mini slot" and
so on, instead of a "subframe."

[0220] Here, a TTI refers to the minimum time unit of
scheduling in radio communication, for example. For ex-
ample, in LTE systems, a radio base station schedules
the radio resources (such as the frequency bandwidth
and transmission power that can be used in each user
terminal) to allocate to each user terminal in TTI units.
Note that the definition of TTls is not limited to this.
[0221] The TTI may be the transmission time unit of
channel-encoded data packets (transport blocks), code
blocks and/or codewords, or may be the unit of process-
ing in scheduling, link adaptation and so on. Note that
when a TTl is given, the time interval (for example, the
number of symbols) in which transport blocks, code
blocks and/or codewords are actually mapped may be
shorter than the TTI.

[0222] Note that, when one slot or one mini-slot is re-
ferred to as a "TTI," one or more TTls (that is, one or
more slots or one or more mini-slots) may be the mini-
mum time unit of scheduling. Also, the number of slots
(the number of mini-slots) to constitute this minimum time
unit of scheduling may be controlled.
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[0223] A TTI having a time duration of one ms may be
referred to as a "normal TTI" (TTl in LTE Rel. 8 to 12), a
"long TTI," a "normal subframe," a "long subframe," and
so on. A TTI that is shorter than a normal TTI may be
referred to as a "shortened TTI," a "short TTI," "a partial
TTI" (or a "fractional TTI"), a "shortened subframe," a
"short subframe," a "mini-slot," "a sub-slot" and so on.
[0224] Note thatalong TTI (for example, a normal TTI,
a subframe, etc.) may be replaced with a TTI having a
time duration exceeding one ms, and a short TTI (for
example, a shortened TTI) may be replaced with a TTI
having a TTl length less than the TTl length of along TTI
and not less than one ms.

[0225] A resource block (RB) is the unit of resource
allocation in the time domain and the frequency domain,
and may include one or a plurality of consecutive sub-
carriers in the frequency domain. Also, an RB may in-
clude one or more symbols in the time domain, and may
be one slot, one mini-slot, one subframe or one TTI in
length. One TTI and one subframe each may be com-
prised of one or more resource blocks. Note that one or
more RBs may be referred to as a "physical resource
block (PRB: Physical RB)," a "subcarrier group (SCG),"
a"resource element group (REG)," a "PRB pair," an "RB
pair" and so on.

[0226] Furthermore, a resource block may be com-
prised of one or more resource elements (REs). For ex-
ample, one RE may be a radio resource field of one sub-
carrier and one symbol.

[0227] Note that the structures of radio frames, sub-
frames, slots, mini-slots, symbols and so on described
above are merely examples. For example, configurations
pertaining to the number of subframes included in a radio
frame, the number of slots included in a subframe, the
number of mini-slots included in a slot, the number of
symbols and RBs included in a slot or a mini-slot, the
number of subcarriers included in an RB, the number of
symbolsin a TTI, the symbol duration, the length of cyclic
prefixes (CPs) and so on can be variously changed.
[0228] Also, the information and parameters described
in this specification may be represented in absolute val-
ues or in relative values with respect to certain values,
or may be represented in other information formats. For
example, radio resources may be specified by certain
indices. In addition, equations to use these parameters
and so on may be used, apart from those explicitly dis-
closed in this specification.

[0229] The names used for parameters and so on in
this specification are in no respect limiting. For example,
since various channels (PUCCH (Physical Uplink Control
Channel), PDCCH (Physical Downlink Control Channel)
and so on) and information elements can be identified
by any suitable names, the various names assigned to
these individual channels and information elements are
in no respect limiting.

[0230] The information, signals and/or others de-
scribed in this specification may be represented by using
a variety of different technologies. For example, data,
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instructions, commands, information, signals, bits, sym-
bols and chips, all of which may be referenced throughout
the herein-contained description, may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or photons, or any com-
bination of these.

[0231] Also, information, signals and so on can be out-
put from higher layers to lower layers and/or from lower
layers to higher layers. Information, signals and so on
may be input and output via a plurality of network nodes.
[0232] Theinformation, signals and so onthatare input
may be transmitted to other pieces of apparatus. The
information, signals and so on to be input and/or output
can be overwritten, updated or appended. The informa-
tion, signals and so on that are output may be deleted.
The information, signals and so on that are input may be
transmitted to other pieces of apparatus.

[0233] Reporting of information is by no means limited
to the examples/embodiments described in this specifi-
cation, and other methods may be used as well. For ex-
ample, reporting of information may be implemented by
using physical layer signaling (for example, downlink
control information (DCI), uplink control information
(UCI), higher layer signaling (for example, RRC (Radio
Resource Control) signaling, broadcast information (the
master information block (MIB), system information
blocks (SIBs) and so on), MAC (Medium Access Control)
signaling and so on), and other signals and/or combina-
tions of these.

[0234] Note that physical layer signaling may be re-
ferred to as "L1/L2 (Layer 1/Layer 2) control information”
(L1/L2 control signals), "L1 control information” (L1 con-
trol signal) and so on. Also, RRC signaling may be re-
ferred to as "RRC messages," and can be, for example,
an RRC connection setup message, RRC connection
reconfiguration message, and soon. Also, MAC signaling
may be reported using, for example, MAC control ele-
ments (MAC CEs (Control Elements)).

[0235] Also, reporting of certain information (for exam-
ple, reporting of information to the effect that "X holds")
does not necessarily have to be sent explicitly, and can
be sentimplicitly (by, for example, notreporting this piece
of information).

[0236] Decisions may be made in values represented
by one bit (0 or 1), may be made in Boolean values that
represent true or false, or may be made by comparing
numerical values (for example, comparison againsta cer-
tain value).

[0237] Software, whether referred to as "software,"
"firmware," "middleware," "microcode" or "hardware de-
scription language," or called by other names, should be
interpreted broadly, to mean instructions, instruction
sets, code, code segments, program codes, programs,
subprograms, software modules, applications, software
applications, software packages, routines, subroutines,
objects, executable files, execution threads, procedures,
functions and so on.

[0238] Also, software, commands, information and so
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on may be transmitted and received via communication
media. For example, when software is transmitted from
a website, a server or other remote sources by using
wired technologies (coaxial cables, optical fiber cables,
twisted-pair cables, digital subscriber lines (DSL) and so
on) and/or wireless technologies (infrared radiation, mi-
crowaves and so on), these wired technologies and/or
wireless technologies are also included in the definition
of communication media.

[0239] The terms "system" and "network" as used
herein are used interchangeably.

[0240] As used herein, the terms "base station (BS),"
"radio base station," "eNB," "cell," "sector," "cell group,"
"carrier," and "component carrier" may be used inter-
changeably. A base station may be referred to as a "fixed
station," "NodeB," "eNodeB (eNB)," "access point,"
"transmission point," "receiving point," "femto cell," "small
cell" and so on.

[0241] A base station can accommodate one or more
(for example, three) cells (also referred to as "sectors").
When a base station accommodates a plurality of cells,
the entire coverage area of the base station can be par-
titioned into multiple smaller areas, and each smaller ar-
ea can provide communication services through base
station subsystems (for example, indoor small base sta-
tions (RRHs: Remote Radio Heads)). The term "cell" or
"sector" refers to part or all of the coverage area of a
base station and/or a base station subsystem that pro-
vides communication services within this coverage.
[0242] As used herein, the terms "mobile station (MS)"
"user terminal," "user equipment (UE)" and "terminal"
may be used interchangeably. A base station may be
referred to as a "fixed station," "NodeB," "eNodeB (eNB),"
"access point," "transmission point," "receiving point,"
"femto cell," "small cell" and so on.

[0243] A mobile station may be referred to, by a person
skilled in the art, as a "subscriber station," "mobile unit,"
"subscriber unit," "wireless unit," "remote unit," "mobile
device," "wireless device," "wireless communication de-
vice," "remote device," "mobile subscriber station," "ac-
cess terminal," "mobile terminal," "wireless terminal," "re-
mote terminal," "handset," "user agent," "mobile client,"
"client" or some other suitable terms.

[0244] Furthermore, the radio base stations in this
specification may be interpreted as user terminals. For
example, each aspect/embodiment of the present inven-
tion may be applied to a configuration in which commu-
nication between a radio base station and a user terminal
is replaced with communication among a plurality of user
terminals (D2D: Device-to-Device). In this case, user ter-
minals 20 may have the functions of the radio base sta-
tions 10 described above. In addition, terms such as "up-
link" and "downlink" may be interpreted as "side." For
example, an uplink channel may be interpreted as a side
channel.

[0245] Likewise, the userterminals in this specification
may be interpreted as radio base stations. In this case,
the radio base stations 10 may have the functions of the
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user terminals 20 described above.

[0246] Certain actions which have been described in
this specification to be performed by base station may,
in some cases, be performed by upper nodes. In a net-
work comprised of one or more network nodes with base
stations, it is clear that various operations that are per-
formed to communicate with terminals can be performed
by base stations, one or more network nodes (for exam-
ple, MMEs (Mobility Management Entities), S-GW (Serv-
ing-Gateways), and so on may be possible, but these are
not limiting) other than base stations, or combinations of
these.

[0247] The examples/embodiments illustrated in this
specification may be used individually orin combinations,
which may be switched depending on the mode of im-
plementation. The order of processes, sequences, flow-
charts and so on that have been used to describe the
examples/embodiments herein may be re-ordered as
long as inconsistencies do not arise. For example, al-
though various methods have been illustrated in this
specification with various components of steps in exem-
plary orders, the specific orders that are illustrated herein
are by no means limiting.

[0248] Note that the radio communication system 1
may be applied to systems that use LTE (Long Term
Evolution), LTE-A (LTE-Advanced), LTE-B (LTE-Be-
yond), SUPER 3G, IMT-Advanced, 4G (4th generation
mobile communication system), 5G (5th generation mo-
bile communication system), FRA (Future Radio Ac-
cess), New-RAT (Radio Access Technology), NR (New
Radio), NX (New radio access), FX (Future generation
radio access), GSM (Global System for Mobile commu-
nications) (registered trademark), CDMA 2000, UMB (UlI-
tra Mobile Broadband), IEEE 802.11 (Wi-Fi (registered
trademark)), IEEE 802.16 (WiMAX(registered trade-
mark)), IEEE 802.20, WB (Ultra-WideBand), Bluetooth
(registered trademark) and other appropriate radio com-
munication technologies, and/or may be applied to next-
generation systems that are enhanced base on these
radio communication technologies.

[0249] The phrase "based on" as used in this specifi-
cation does not mean "based only on," unless otherwise
specified. In other words, the phrase "based on" means
both "based only on" and "based at least on."

[0250] Reference to elements with designations such
as "first," "second" and so on as used herein does not
generally limit the number/quantity or order of these el-
ements. These designations are used only for conven-
ience, as a method for distinguishing between two or
more elements. In this way, reference to the first and
second elements does not imply that only two elements
may be employed, or that the first element must precede
the second element in some way.

[0251] The terms "judge" and "determine" as used
herein may encompass a wide variety of actions. For
example, to "judge" and "determine" as used herein may
be interpreted to mean making judgements and determi-
nations related to calculating, computing, processing, de-
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riving, investigating, looking up (for example, searching
atable, a database or some other data structure), ascer-
taining and so on. Furthermore, to "judge" and "deter-
mine" as used herein may be interpreted to mean making
judgements and determinations related to receiving (for
example, receiving information), transmitting (for exam-
ple, transmitting information), inputting, outputting, ac-
cessing (for example, accessing data in a memory) and
so on. In addition, to "judge" and "determine" as used
herein may be interpreted to mean making judgements
and determinations related to resolving, selecting,
choosing, establishing, comparing and so on. In other
words, to "judge" and "determine" as used herein may
be interpreted to mean making judgements and determi-
nations related to some action.

[0252] As used herein, the terms "connected" and
"coupled," or any variation of these terms, mean all direct
or indirect connections or coupling between two or more
elements, and may include the presence of one or more
intermediate elements between two elements that are
"connected" or "coupled" to each other. The coupling or
connection between the elements may be physical, log-
ical or a combination of these. For example, "connection"
may be interpreted as "access." As used herein, two el-
ements may be considered "connected" or "coupled" to
each other by using one or more electrical wires, cables
and/or printed electrical connections, and, as a number
of non-limiting and non-inclusive examples, by using
electromagnetic energy, such as electromagnetic energy
having wavelengths in the radio frequency, microwave
and optical regions (both visible and invisible).

[0253] When terms such as "include," "comprise" and
variations of these are used in this specification or in
claims, these terms are intended to be inclusive, in a
manner similar to the way the term "provide" is used.
Furthermore, the term "or" as used in this specification
orin claims is intended to be not an exclusive disjunction.
[0254] Now, although the present invention has been
describedin detail above, it should be obvious to aperson
skilled in the art that the present invention is by no means
limited to the embodiments described herein. The
present invention can be implemented with various cor-
rections and in various modifications, without departing
from the spirit and scope of the present invention defined
by the recitations of claims. Consequently, the descrip-
tion herein is provided only for the purpose of explaining
examples, and should by no means be construed to limit
the present invention in any way.

[0255] The disclosure of Japanese Patent Application
No. 2017-033355, filed on February 24, 2017, including
the specification, drawings and abstract, is incorporated
herein by reference in its entirety.

Claims

1. A user terminal comprising:
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a control section that determines to use one or
both of a short uplink control channel, which is
transmitted in a short period, and a long uplink
control channel, which is transmitted in a longer
period than the short uplink control channel,
based on certain information; and

a transmission section that transmits the uplink
control information using the determined uplink
control channel.

The user terminal according to claim 1, wherein the
certain information is at least one of the size of the
uplink control information, the type of the uplink con-
trol information, the number of times the uplink con-
trol information is retransmitted, and the category of
the user terminal.

The user terminal according to claim 1 or claim 2,
wherein, when both the short uplink control channel
and the long uplink control channel are determined
to be used, the transmission section transmits the
same uplink control information over both of these
uplink control channels.

The user terminal according to claim 1 or claim 2,
wherein, when both the short uplink control channel
and the long uplink control channel are determined
to be used, the transmission section transmits differ-
ent uplink control information in each of these uplink
control channels.

The userterminal according to one of claim 1 to claim
4, wherein, when both the short uplink control chan-
nel and the long uplink control channel are deter-
mined to be used, the transmission section transmits
uplink control information using the short uplink con-
trol channel in a frequency resource that does not
overlap with the long uplink control channel.

The userterminal according to one of claim 1 to claim
5, wherein, when both the short uplink control chan-
nel and the long uplink control channel are deter-
mined to be used, the transmission section does not
transmit a demodulation reference signal for the up-
link control information in the short uplink control
channel.

A radio communication method for a user terminal,
comprising the steps of:

determining to use one or both of a short uplink
control channel, which is transmitted in a short
period, and a long uplink control channel, which
is transmitted in a longer period than the short
uplink control channel, based on certain infor-
mation; and

transmitting the uplink control information using
the determined uplink control channel.
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